Introduction
The interest to organic nitroso naphthoquinone molecules is provoked by their high toxic properties as well as mutagenic and carcinogenic ones (1) . To understand the influence of nitroso compounds on human organism, it is useful to study the nature of their intramolecular hydrogen bonds that play a significant role in barious biochemical processes including metabolism. The importance of intramolecular hydrogen bonds is supported by a wealth of physical and chemical data (2, 3) . Avdeenko A.P. et.al. (4) reported metal complexes of metals such as aluminium, zinc, copper and nickel of 1,2-naphthoquinone -2, oxime and studied the solid state existence in the quinone oxime form. IR absorption studies have been reported by S. Gurriari and G. Siracus (5) for metal complexes of manganese, iron , cobalt, nickel, copper, zinc, cadmium and lead with 1,2-naphthoquinone -2, oxime. Molecular structure of 1,2-naphthoquinone -2, oxime was studied by A.E. Shchavlev et.al. (6) and reported ab initio and DFT level calculations concerning to intramolecular hydrogen bonding along with tautomerism. They have reported selected bond lengths and bond angles of 1,2-naphthoquinone -2, oxime or 2-nitroso 1-naphthol was calculated by using SPARTAN 08 and the results of RHF level and 6-31*G basis have been reported ( 7 ) . The complexes formed between 2-nitroso-1-naphthol and zirconium (IV) have been investigated in the mixture of water & ethanol and water & chloroform. They have reported that it gave two complexes of zirconium to ligand ratio of 1:1 and 1: 4 (8) . The complexes Ni (NQO) 2 where NQO = 1-nitroso-2-naphthol or 2-nitroso-1-naphthol, have been prepared. The magnetic susceptibilities and electronic and mass spectra of the complexes have been investigated. The complexes Ni (NQO) 2 show some degree of association the extent of which depends on the method used for their preparation (9) . This paper describes synthesis and vibrational spectra of zirconium chelate of 1, 2-naphthoquinone -2, oxime calculated by HF and DFT level and SDD basis set the data is compared with experimental values. Geometrical parameters and HOMO -LUMO energy gap of the chelate is reported.
The IR spectra are recorded on a Thermo Fischer FTIR spectrophotometer iS5 model in a KBr matrix and in the range of 4000 -400 cm -1 as well as in the range of 1000 -300 cm -1 .
Computational details:
The entire calculations conducted in the present work were performed at Hartree -Fock (HF/ SDD) and Density Functional Theory (DFT) at B3LYP / SDD basis set in the Gaussian 09 software code. The geometries were first determined at the Hartree -Fock level of employing SDD basis set. (10, 11) . All the geometries were optimised using SDD basis set using density functional theory (DFT) employing the Beeke's three parameters hybrid functional (12) combined with Lee-Yang -Parr Correlation (13) . The electron correlation is taken into account in DFT via the exchange energy arising from the anti symmetry of the quantum mechanical wave function and the dynamic correlation in the motion of individual electron; it makes DFT dominant over the HF calculation procedure (14) .
The DFT hybrid leads to overestimate the fundamental modes in comparison to the other DFT Method. So the scaling factors have to be used to obtain considerably better agreement with experimental data. The wave number value computed theoretically contains known systematic error due to the negligence of electron correlation (15) . We have used the scaling factor value of 0.8929 for HF /SDD basic set and 0.9613 for B3LYP/SDD Basic set. The absence of imaginary wave number on the calculated Vibrating Spectrum conform that the structure corresponds to minimum energy. HOMO-LUMO energy gap and other related molecular parameters are calculated.
III.
Results and Discussion:-
The vibrational analysis of ZrO (NQO)2 is performed on the basic of the characteristics vibration of hydroxyl, Carbonyl, C=N, N-O, Zr-N, and Zr = O modes. The computed vibrational wave numbers of IR with intensity used for identifying modes unambiguously. The harmonics vibrational frequencies calculated for ZrO(NQO)2 at HF and DFT levels using the SDD basis set have been symmetrised Table -1. It can be noted that calculated results are harmonics frequencies while the observed contains unharmonic contribution also. The value of the wave number is lower than the former due to anharmonicity. Comparison between the calculated and the observed vibration spectra help us to understand the observed spectral frequency. , which are also in good agreement with the data predicted by HF/SDD. C=N Vibrations:
The frequency of C=N bond is observed at 1692.6 cm -1 in the FTIR spectra of ZrO(NQO) 2 while it is predicted at 1700.37 cm -1 by DFT/SDD and at 1681.98 cm -1 by HF/ SDD is predicted. The V(C=N) in chelates shows lower frequency owing to elongation of these bands on co-ordination. N-O Vibration:
The observation of γ (N-O) is observed at 1147.6 cm -1 in the FTIR spectrum which is predicted at 1149.05 cm -1 by HF/SDD but DFT/SDD has not predicted for the band. This band is in good agreement with observed data. The absorption of this γ (N-O) at higher wave number indicates that this bond is significantly shorter in the chelates. The higher wave length of the N-O indicates that nitroso atoms of the oxime group coordinate to the centre (17, 18 
Molecular geometry:
The optimized structure parameters of ZrO (NQO) 2 calculated by ab initio, HF/SDD and DFT/B3LYP/SDD basis set are listed in Table 2 in accordance with the atom numbering scheme given in Fig -1 . The values of bond length in A 0 and bond angles in degree are given in Table 2 . Mulliken Charges: Mulliken charges arise from the Mulliken population analysis (19, 20) and provide a means of estimating partial atomic charges from calculations carried out by the methods of computational chemistry, particularly those based on the linear combination of atomic orbitals molecular orbital method, and are routinely used as variables in linear regression QSAR(21) procedures (22) .
In the application of quantum mechanical calculation to molecular system, the calculation of effective atomic charges plays an important role. The electron distribution of ZrO (NQO) 2 is compared in the two different mechanical methods and the sensitivity of the calculated charges to charge in choice of methods is studied. By determining electron population of each atom in the defined basis function, the Mulliken charges are calculated by HF/SDD and DFT/B3LYP/ SDD level. The results are presented in Table-3 which the values of atomic charges of each atom of the concerned molecule. Fig. 2 shows atomic charge against atoms of the said molecule. The HOMO-LUMO energy gap of the molecule ZrO(NQO) 2 in the HF and DFT/B3LYP level and SDD basis set has been calculated. The HOMO-LUMO energy gap is constant in both methods. It is known that the value of EHOMO is often associated with the electron donating ability of inhibitor molecule, higher values of EHOMO is an indication of the greater ease of donating electrons to the unoccupied d orbital of the receptor. The value of ELUMO is related to the ability of the molecule to accept electrons, lower values of ELUMO shows the receptor would accept electrons. Consequently, the value of Egap provides a measure for the stability of the formed complex on the metal surface. The frame work of SCF MO theory, the ionization energy and electron affinity can be expressed through HOMO and LUMO energies AS I= -E HOMO , A= -E LUMO. The hardness compounds to the gap between the HOMO and LUMO orbital energies. If the gap energy is higher than the Hardness is also larger. The global hardness η= ½ (E HOMO -E LUMO ) . The hardness is associated with the stability of chemical potential (μ) can be expressed in combination of electron affinity and ionization potential. The global electrophilicity index ( ω ) is also calculated and listed in table-4. 
IV. Conclusion:
The results of the study lead to the following conclusions, 1. The proper frequency assignment for the chelate ZrO (NQO) 2 is performed for time from the FTIR spectra.
The experimental vibration frequencies are compared with HF and DFT theory. 2. The assignments were confirmed with the help of animation process which is available in Gaussian 09 computer code. 3. The molecular geometry of ZrO (NQO) 2 best at the DFT/ B3LYP/SDD level. 4. The HOMO-LUMO energy was calculated and other related molecular properties were also discussed. 5. The Mullikan atomic charges were calculated and the results were discussed 6. Thermodynamic parameters were calculated.
